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(57) Abstract: 

PROBLEM TO BE SOLVED: To solve simultaneous linear 
equations at high speed by using a comparatively small 
memory while efficiently performing transfer between 

processors. 

SOLUTION: Blocks arranged at processors are cyclically, 
selected and numbered (1) and these numbered blocks 
are cyclically processed in the order of numbers so that 
LU decomposition is performed (2). In the case of matrix 
product calculation in the LU decomposition, data as the 
calculation object of matrix product are divided and 
transferred to the respective processors and by 
simultaneously performing the calculation of the matrix 
product at each processor to the divided data and 
parallel transfer, transfer time is shortened- Next, 
each processor performs formed substitution concerning 
the LU decomposed result and transfers the result to the 
adjacent processor (3).- Besides, backward substitution 
is similarly performed as well. When transfemng the 
result of forward/backward substitution to the other 
processor, the excessive data of one bit are transferred 



at least in addition to the transfer data and from these 
one-bit data, the reception of data is confirmed at the 
respective processors. 
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^'i=T'oXm^t:^mr^yO'tz^>-^\z&^r.^tt^ 
IZ. ^T^P-b-y-y-T'^iiftA^fToTje^^BI^-r^:^ 

■ 0'\i-j-^\zu^'r^^m'S:no:it^^mt'r^^^*) 
^WLm^mm^{zjz:bmtL-:'Xy5m^(Dnn^myj 

5i^iJJ L -T - ^ f zj^-r ^ :^ P fcNt ^ fr^ijmcD 

its:-*:. teo53'iIJLfr7'-^^cc)L^T<D;:>iCD^T?|JacDtt 

mzmi^^&^oikm^T^^mmz^oztiz^^j. is 

ftA^^T5:^P-tr^v't^-(z|EM-r'^fci6. ^3fp-tz>>-9- 

ft/ < :7 T *5 J: l/S^i/ r ^ ^ It . 
mrii/SiIftAc^$£^^teO:^PHz':/-9-lzte3iir^(g. 

■^o-t •y-em^j? Jiis/ < ^ t ir feift $ nfc -x- coe 
^<ifiy ^ p -b »:/ -y-cifc l^T . ±iag<i/ \ v 3? t c7)±ib i 

CIS*« 4 ] ^zfu-^ y^fsiX'T'-^ Kit ^fr act 
*<T'^>§)S^(7)::^p-b'>-9-^ii^. ^ya-tL-jV-izgk^ 
fr^J^^^EL, 3J^P*>^^bLyi5l^aj^!£(DLU5i^g^|c 

mm^tixi^^tLx. :foizv'*)-izm,m.^^tzzfpv 



i:*i>7^-^S5^»JLT&:?Prb*>-9-|cte2IU »fflL 
<i:. mo^mLtz^-^ iz-oi^xoykc^i^J^motfmz 

±IE L U »^ L y-ISS IC O L ^ r # P -tz -y-T' Suit ft A 

SfToTjgs$K}$-r ^ 3^p -fe '>+^^ce^•r ^ ct 1 1 

^:^p-tr'yi^T'^iiftA^fToT}S^^BS}t-r^:^ 
p-fe*>-9-icesir^^i&s^tTt>, Htjii/^^diftAoss 
^flfecDT^p-b-y-y-icfesi-r^ig. teiiiT^— $'fi<fey{^3&: 
< 1 tf-j hfzif:K^i^'^m/\-jy7\znm'f-^^ 
^mi-^tt^\z±tEi \zy hoy^miz^^om^^^ 
L. ±zra-\z^:;-ij-xm:^^±t^y\yyTiz^m^*ifz^— 
^<DlE5SI$fTt>. S(Hil3fP-b*:;-9-|cfctx-c. Sll/^^y 

T'T-^ <D§11^5il2t-^H53iftA/^ilft A^^^S 
[000 1] 

mxmm^rr'oxmm^misb^'^ jv^zf a-tL-j-^^iz^ 

m^izm±L-^xyjm^'^M<^tt^x^^p^^^j^ 
WLMmmw^\z^^^^L-^xy5m^(Dnwmmy5^t^ 

[0 0 0 2] 

^^^'^UvOKcK^fzli^^X'^^). m 6(C:^-r^^jA$ 

[0 0 0 3] kSg<7>«i^-e. S»rSP^A(k) ^^otf 

A(k) =A(k) -L2(K) . U2(K) (1) • 
k + 1#g(D«&^T'(i. A(k) ^i|iidT*^<SLr dy-£(t 
hU *:/^;^^f^i:^T'MSPr-r^o L 2 (K) , u 

2(K). iijaTa)^-e*i6€>ie;^SA<fc^o J-^ (i) i^-c 

MSr^fr^i:^. B (K) = [ ( l 1 (K) ) T . (l2 
(K) ) T ] u 1 (K)-<t5^^L. 2(K) = (L 
1 (K) ) -1 . u 2 (K) <l:Mff^^o 
[0004] JiIB3fP-:/^^bLfcnaS(^LU«^<g^$ 

*:/t^(Dm^fA<r'# ^t£JtJS)^lC3tf ^ J: 5 l:z«"::^P-tz -y-y- 
PbIh^^ < ^-if-< >^ ^x-y^^^Iallc1±•rlr^i«-r 
[0 0 0 5] -€-CT% 5fef3. 7^-^feS|P 
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^myD^i^mmLfz i^mwi -27 ^ 7 eo^<i^m^ 

[0 0 0 6] 

(2) LU^filUfc^glH::ol^T7^-'$^ ^TcCDiSSlr]^ 
*»B^li±tB L fr^tt ^ L T ^ 1 <DT' o 

<t izcfc y . itsfi^^h^? ^ Lr;gSl::S^L- 
[0 0 0 7] 

[B®$«*-r'&fcft<D^s] E 1 

^P'>^^-tf--<<7U'V^l^a»^LTS-^f^«tL. -LIES 

•^f+itt)titr:^P'v^$. s#)®ic-9->r <7 u ^ 

i: * ^ * »»J L r «• :^ p -fe 'V -t^-f l . 

5i^S»] L fz "t—^ I r -S) :^ P -tz -y-ic It ^ ^rJiJ^t^ 
tts:i:. ^tea)«^iljLfc•T~:$^l::oL^r<D;^^DfT^|j|icDtf 

c^hiccfcy. ±iB#-^f^itb*xfc:^P'>^$. S-^ilic 

(3) ±IBLU5^^^L/tJgSlCOL>-C&:?P-lz*>i*-r'IU 

jiftAL. es*i«ffi-r^:^p-b*:/tncei£-r^o * 

fc. ^iiftAt*::^p-tz*y-9-(D::?p»>^^^iIftAL 
T. Sm*RtSt-'&:^P-tz':/1^-|::$5i2|-r-5>o flaiftA^ 
»ai«A<SS^to<Z)^P-b':/+M:HEi£-r*IS. KiSlT^— 



S(Dfl ^iSS L . ±'^U'\Lv -«tr'iii?fe±i5/ < :7 T 

^?<?>fc2l^fftV SiH|ij3^P-tr':/-9-|ctei^ 
T. g(i/<':/:7Ta)±IEi t:*v h<7>^l«3!)<H^S(7)^illc!ft 
S S ixfr C <i: T' T^-' <7) ^ 5SE-r ^ c: it cfc y Ie2I 

[0 0 0 8] *»Bjiz^)t^rii. ^m-^ic\.iz%\m^'i^m 

h ?il y <r> EO^O h bS^tr cfc (h @ 
L. JiIB(75.i:5lc:^P-bv-9-l::i£gS+Ltc:?P*v^$"+^ 

o^u^ffiffiLT. $^)V" (2) ^<ors&^m<:itt< 

[0 0 09] ^f-. *^^(Cfct^Tli. LU5^«lCfclt 

53^91 L-cs-::^p-t2*:/-tt-irici2lLTfcy. »iJ]Lfc-x— ^ 

^tU^o z,a>fzity. tt*(D2»*e3il(::Jt-<. 

^*lEil|-CI*LOG 2 (#PE) \:i\tm\^fz^m.^TA-h^ 
Wtt^^t<. *^B^iwfciNri*. ::^p-tr'>+»-«A<^<*-:> 

r^p-tr •;/'t^-*^b#::^P-tr'>-tM::7^— ^liiil-r ^B^PbI 
1 •:5(D:^Pi!*:/-^/)^bifecD 1 oo^^p-b^^-t^lCT^-- 

[0 0 10] *^BJ|-fcl^Tli. LU5^»$H 

fceSA<«-:^P-fe»:/-9-l^1^^<7 y '>^(clB®$tLrfc 
y. ffIlBLfc^At*^Ocfc5l:iL u^i^^^^HtcSsS^^^T^ 
^ h;u::^(^(:^M'<S^X'5c:i:J'd:< . i SSO^f p 
fc-& :^p^r *:/+^-einiiftA$.fT-D-ctgS**(DffiiiftA 
*fT53^P-b v-9-|::eML> ^ilftAlcoiNT^.. 
lc«-^p-b^:/^tcD::^P'>^^&ilftALr. ISS$3^p 
*:/+M:i|cilir - (c.^: y 5feiiftA/^iIft A^aS* 

^feiilL. K1 f-;; h7^-'$'lc.fcy7^-$'S(i$'«iEL 
[001 1 ] 

[^B^CD^jffiCDft^SI] g!2(i*^B^|CffllNq>tL'i)>^y 

»aM3£^it+»«S(7>afi£cD-'(|iJ*7i^'rs-efey . ElSli 
E12l::fc(+S*3^P42'>i^ (IslT P E i: 1^5) 
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[OO 1 2] =&3fP-b-:/-th1 li^3lZ:5^-rJ:5lC«i«$ 
SiA^^^—^^T. h7-r^tzlsb<07. hT/U:f'7^>^ 

2 0 it. K^ut"— ^coK»^fTdl»S/^<:^^-<:^ 

[OO 1 3] *S£B^<7)SlJS«i|cD3l±L-5)^:^S^a) 
®^fcoi>ri5i5«t;^c ^ _ 

(1 ) L U^^S ' 

<D,i:5(:^A1. A2, AnrKt-T^o 
A= CA 1 . A 2. Am] 

F (j) = [ ( L 1 (j) ) T . ( L 2 ^-i) 

U ' 2 (K) = ( L 1 (j) ) -1 . u 2 (j) - ( 3 ) 

[0 0 17] ^LT. E(j) ^^feOcfc^lcMSr-r^o 
E'(j) = E(j) - L2Cj) . U' 2(j) (4) 
CC-C. L 1 (j) . U 1 (J) . L2(J) (ill-:/D-tr'> 
tl-JilCfe^;!j<. U2(j) fcci:i;E(j) Z^P iz 
^tfeSHTfcy. €'>5e<7):^P-b->+^±r*ttS-r'&je!^S;b< 
te'So -^cr^ L 1 (j) . L2(j) ^"^yu^zv-^Kz.^ 
(iLTmllS (1) ^iCcfcy i j > j f6.^yuv'?\zm\^ 

r (3) (4) ^(Dttff$fT5o 
[0 0 18] S6(i±tS5Q^$fr3:7P— hT-fe 

-So f^lli:ifct^T, x^-y ::^s 1 l3fcl^r. j = i leg 
SL. x5"'>:^s 2IcfcL^r. >rf»JA(DUis (1) ^r* 
i j SiO:?P':/^$B«IS (2) ^<Dc*:5l::^P 



E= [A i 1 , A i 2 . Aim] 

O^tj^ A P = Er'fe^J. A X = bliTIB<7)ci:3f::S"f 

-To 

APP-1x = b 
E p-1 X = b 

[0014] CCTr. p-1 X = y i:a< its Ax = bli 
E y = b. p-1 x = y 

fT?iJ<7>;^^$-n t ^:^p-tz*:/lfi::lf LI^Si<d::?P':/ 

n=#BNx#PEx d 

{BL. #P E(i*^J3^P-tr^:/+»-ife. #BN(i§::^p-fe'> 
^\zWML^^^'^m<r>yn vO^. d (*«"^ P ^ 

[0 0 1 5] E= [A i 1 . A i 2 . A i m 

] CD i j (j=1. m) ;b<;jfe<DSe-e-^^t>tl^iS 

i, = C (j -1) /#PE) +1 

+ MOD (j-1, #PE) X#BN- (1) 

CC-e. MOD (a. b) (igl&a^SSbr'iJjof::«t 

^oa^SS-To zcDIfet/STLlcJ^-r^pHii, 

io%. Huie (1 ) ^t? i j #g<Dff^JA(7):?P*>^l::S 
•^j ^«-&ci:iz*fjS;L. €-:fp-tz':/-«ta)::3rp-v^#B 

[0 0 16] C;Z-Cli. l^i.J:(D^5(^#^^^(ttz^P'V 
^ ^^^-Cfe^T^o^c^T^i] E ^ L V i¥Mt^^ z:t^mX 
fr5iJA$±fB (1) ^-eat^-SS^CD 
::^P'y^(:i^gUr LU5^fi?^fT3Cci:(r/d:^o ^r^JE 
CO j Sg(D3^P»:/^{c||-r'&»S(isiitBLyc(7).hl^^. 

) T ] u 1 (j) - (2) 

•r-So 5&fc\ C(7)3fP->^li. MOD (j-1. #P 
E) + 1 Sg(D::^P-tr (PE) ±(c&^c :^'rvzf 
s 3^cfcl^T. ^^<d;^^»>::^s 4<DttS^"r^^ci6. l 

1 (j) $±7^P-tr-V-9-|riifi-r«»o OL^■e. T.n'-jys 
4|zJsl^T. #^P-tr^v-9-|::fct^r. lutS (3) ^Icj; 
yu' 2(j) ^HSr-r^o Xi^^y^^S 5^Z*^L^"C. L2 

(j) $^'::^p-b'v9-iciifiL. X7^'>::^s efcfci^T. 
i j > j 35:i):^p*>^lc$tLT. lUIE (4) ^iCcfc^. 

«-:^p-t'yt^iciijyf*itibti^raj^^f+^-r^o 

3^S7lCfcaNT i = j +1 itL. XT-*>3fS SlCfct^ 
j >#BN x#p Et?$)^/)^Sia-<. j>#BNx 

#p ET'?St^:^^(::(i. *v ::^s 2 icM U ±lEffliS^ 
SUal-ro ^fc. j >#BN x#P EOit^CK^^S^S- 

[0 0 19] ^oes. #:/p-b»>-tl-lciBfi$ttfc3^p 
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[0 0 2 0] -tz^-c. ±n9B:mizfsi^r{t7'—^^^ 

fIf£Lf-t#P¥7 -2 7 1 7 6 O-^T'jfxLfrJ: 
5f^. &3fP-b':/-9- (PE) ICT^— ^^5^^f^)L■C«E3i|■r 
■9- (PE)'T'iTi^. c:n^jyiyjILr±<*(Dtt®^^T 

[00 2 1 ] iUT. S*(:^±IB$e5^ ■ Itff^Qacout 
I5l0^-r-&o l$ifflliJiie*tgS¥7-2 7 1 7 6 O-^ 

L U^«<D j SSOX^— v!C^3l^r. BtTfBLyc (4) 
^|C:^LfciT^iJSItD>^a:^tTl^E(j) ^MS^Lrl^^o 

::fn-b*v-y-»^5i:LT. u = u-cxr<7) 
51^. ^T^^yc^tT:^fpiir5^-f»lL. CH^t^c 1 . C2. c 

Zt-Tho tS.ti. ±IB^9J!Sn(±. #PE/n>1'rL 
OG2 (#PE/n) <n(c;^^.i:5l::SA^)^o CZIT' 

1 --WS 1 . m2 0'7 — 'i^^IUltWI 2-'W5 
2*Slt^o 

[O 0 2 2] ^8lCfcL^r. P E 1 iC^^Mt i> CCD^^CD 
Its: 7 L yet). CI^PEICDWI 1-^. C2^P 
E2(DW2 1^. C 3^P E 3(DW3 1 ^-^-^X-ftltsiS 
■r-So ^fel::. -^(T^i^m^fi^oTWi kDt'— (CI) 

$-P E 4(7)W4 1 --v, W2 1 O't—^ (C 2) ^ P E 5 

(7)W5 ^^mm}&.■t^. ^T5»J5Ca)H-s:i*. gfijiz^-p 

EOSI (7)'7 — -e^Hig^WI 1 -WS 1 lCt§#J*tLycC i 

LyiSiJ»7b^K«[j(^it®:-ri)a5^T'fc'&o -r^f*^*>. pe 
1 lzfcl^Tc 1 X R 1 <D^T9lJa3b<t^a-^?n. PE2(cfc 

L^r C 2 X R 2CD^TJlJffiA<ftS:^^. P E 3 |C*5l>TC 
3 X R 3CD^T^lJ«>b<t+S:$iX. PE4|CteL>-CC 1 X R 

4(DfT9iJS75)^t+S:$n. *«if::. P E 5i:ifcL^TC 2 x 

R5(D^7^ja*<fta:*tt-5o 

[0O2 3] ±I5tf®:<hl^^lC. lj8lC:^-r<^5(:i'7- 
^flilKWI 1 ;b^t)W2 2^. W2 1 A>t)W3 V^3 

1 ;&^bW4 2^^. W4 1 jb^ibws 2'^M^Ji::'r— -^^KiSI 
^iT5<h<i: t;!::. P E 1 A^S^-T C 3 1 2 (cisiil 
-r-So &P EOm2CD'7 — ^^igtWI 2-'W5 2. 

^^ttKt-^o rniri^*). P E 1 (::fcl^T c 3 x r i co 



fTftJfSTb^StK^tl, PE2|Zfcl^TC1 xR2a)fT^]|B 
7t)^ttS:$n. P E 3lCfetNTC 2 X R 3CDfT^]SA<t+ff 
PE4lCfcl^TC3xR4<D^T?^Ja3b<ttS:*i^. 

p E 5lcfcL^TC 1 X R 5(7)ff5iJ8t 4x 

[0 0 2 4] ±iaif@:<i:f^Bt(::. HQIC^-TcJi^lil'^- 
'^^^Il^WI 2 7b^»^)W2 1 W2 2 A>t.W3 1 W3 
2*^P>W4 1 W4 2*^t)W5 1 ^M^Jl::-?— -S^liiSI 
^^T3<l:t4.lc. P E 1 *<^J#-r'5)C 2$W1 1 I:i|e32I 

•r'5)o #p E(?Dmi cD'^— ^fiiaw.1 I'-Wrs 
1 ici§*ft$ttfcc i ^ffior. Bli oic^-T/N^y^^^' 
cDS^^st^-r-So -r**:)**. PEi(rfciNrc2xR 

1 C0^T^]fS*<ttS:$4x> PE2lCfcl^-CC3 X R2<D^T 
^lja*^It^$4x. P E 3lCfct^TC 1 x R 3 CDfr^lJ^A^ 
ttaC^Ftl. P E4|3fcL^rC2 X R4(;D?T^J«;{)«fm:* 

^^d. P E SlCiSl^r C 3 X R 5<7)fT?l]a^<lt» 

[0 0 2 5] ]^JL±o^o\zLXPBMzS:m^i^fzC^ 
1 l(D/\*:;5^>^'-e^-rgU:^l::-OLNT. LU^Ml^ 

X. ±t^tmm. 'n^mmm^'iTOo sir 

2 iC^-r 5 l:: P E 2 ^fc C 1 - C 3 3 ^j-flj 
L. C 1 ^ P E 2CD'7— ^|I1|EW2 1 C2^PE3 
<D^N3^^^ C 3 ^P E 4(DW4 1 '^-?'ix-?;txlE3S L. 
•?-OlB*Sffio-C. W2 1 (CI) (Dt^—- S'^PEStD 
WSI'^. W31 (C2) CD-r— ^ P E 1 CDW 1 1 iZ 

[0026] MIBLfcc}:5lwL.T«-PE(Dmi <D 

'7— j7fIJs£W1 1 -WS 1 iZt&tti^intzC i ^-iSgoT, 
^1 2CD/N'y5^>^'T'^L/cgf5^(7)Itff^frlV -tlb 
COttSill^BtlC. HI 2(Z^-rcfc5l^. 9 — ':7^1|tW2 
1 ;!»^t)W3 2-^. W3 1 ;b^t>W4 2-^. W4 1 *^t>W5 
2^. W5 1 jb^^^W 1 2-^:3£Ji]fCT'— fcil^^T^ <i: <h 
4,1c. P E 2)!)<«|#-r^C3^'7-^«IlSW2 2lZ$E3il 

[00 2 7] la-tcT) d ic. nmmu^^(otimzii!,W:U 

^{zi^tztzHb. Vt^(D2i^:^f^^\z\t-<:km\z^^mil 

^mmir^ztts^x^^o "tomm. mmznmmcDf]' 

W-X^-^Wt—^ i^yO'tyV-lzzii'^CD/^^—^X 
tEi3|-r^ii^<DKi3IB$PB\3b<LOG 2 (#PE) iCitWr 
^(D{Z\t-<. *SllifiC«]-eii. 1+ CLOG 2 (#PE/ 
#d i v) ) /'#d i V (#d i vfi^^^fiSft) ^ 
\ztj:^. ±Se^CDm23l(iO. 51UTlc-r'i>c:^A<T:^ 
^(D-e. ::^p-t2':/-9-S»j!»<2^J*i±fc^v^T-A-c. i»\z 
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[00 2 8] ( 2 ) luitft A/^ilft A415^ 
o^yo-j^izmtE (1) ^r'gS$4x^lllSlc»lM$tL 

Lfz^MW-y - 2 7 1 7 6 0-§-^ffiCDcJ:3l"t7flJ^^T^ 

A<1 A^^#BN x#p E^-emicllj^. ;:5;i(^cl;a?ci:ti-S: 
^^t5o ^:^P-b*:/+M::. gl 1 3 ic^f 5 fcJiIB z fc 
J^i^b^ftfrt^-Sfca^ajO-^nawz. wb^Sit, 
c (D 9 -<7 fitig ^ film L Tttg: $-^T 5 o 

[0 0 2 9] ^-r. Ujj ■ Zjj=b 5Jj|Cb j 

= bj -Lj xzjj izcfcybj s-ss^-r^p ^Ut> 

It). P E 1 -clu • Z11= bl1^S#. bl =bl -L 
1 XZ11 iCctybl ^S«rLr. ^?:l^T% PE2IC*> 

[0 0 3 0] PE 1 ;&Nt)P E2^. PE2 

^(j^bPES'--. -\ PE*#:PE (#P E(*3^P-b ':/■t^ 
gfe) }tiNt> P E 1 -^ir^^-r-^/^^ — VT'^rt^ti'&o ±IB 

te^fe^tT^fcib, #:^D-b'y+Mc. ±iHbi:f5ii::^#^ 
vyTbT(r)^+ (j-i) /#p e x dilgcDT^— 
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